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Recently two volumes of selected papers by him have appeared, with the titles The new science of geology and Lyell and Darwin, geologists.
2 These show how well prepared he was to write his latest book, Worlds before Adam (henceforth WBA), most of which covers just two momentous decades, the 1820s and 1830s.
The new science of geology contains not only the pioneering paper on the emergence of a visual language for geology between 1760 and 1840 but also five grouped under the heading 'Geology in the age of Lyell'; that is, in the second quarter of the nineteenth century when Lyell assumed a pivotal position. From these we learn about the new pictorial genre of reconstructed scenes from the distant past of the Earth; the key features of the practice of geology in Europe in the 1830s; the nature of fieldwork carried out in the 1830s by those who obeyed Lyell's injunction to travel; the ways in which in the 1830s geological knowledge was constructed by the intellectual and social interactions of geologists in relation to their fieldwork; and the controversies generated from the late 1830s by Agassiz's glacial theory. The volume of papers entitled Lyell and Darwin is focused more on Lyell than on his disciple Darwin, with eight papers covering Lyell's concept of uniformity, the making of his Principles of geology (1830-33), and its reception. The longest paper in the collection is another classic. It analyses Darwin's research on the Parallel Roads of Glen Roy near Spean Bridge, Scotland, and his theory published in 1839 that they were successive marine strandlines and not successive shorelines of former ice-damned lakes, as Agassiz suggested a year later. Although Darwin had done much geological fieldwork during the voyage of The Beagle, the research on Glen Roy was important in his geological career: published in Philosophical Transactions of the Royal Society, it was his first major scientific paper and was based on the most substantial fieldwork that he was to do in Britain. It reminds us, in the bicentenary of his birth, that his career as a geologist is often underestimated because of the obsession with him as an evolutionary biologist: after all, in 1859, when On the origin of species was published, Darwin received from the Geological Society of London the Wollaston Medal, its highest accolade.
Rudwick's books are remarkable for their range and variety, with several covering the years surveyed in WBA. His The meaning of fossils remains essential reading for the history of palaeontology from the sixteenth century to the end of the nineteenth century. 3 His tome on the Devonian controversy describes in unmatched detail and insight the arguments about Devon rocks and their classification, which raged between 1834 and 1842. 4 In this book Rudwick revived a subtle kind of realistic epistemology of scientific knowledge: he showed that consensus about what counted as reliable geological knowledge was constructed by the social process of debate about the meaning of empirical materials, which constrained but did not determine the eventual outcome of the controversy. Dubbing himself a representationist, Rudwick gave the coup de grâce to that naive realism in history of geology that assumed that geological systems (sets of rock formations) and periods, such as the Devonian, were simply discovered as naturally occurring objects. As an editor of a facsimile reprint of Lyell's Principles and a translator of texts by Cuvier, Rudwick deepened his knowledge of the writings of two pivotal figures, threw new light on them, and yet again showed his concern that continental savants should not be ignored by British historians. 5 His belief in the centrality of visual imagery in geology induced him to compile Scenes from deep time, which reproduced and discussed nineteenth-century pictorial representations of prehistoric worlds. 6 In 2005 Rudwick gave us his largest tome, Bursting the limits of time (henceforth BLT), a Herculean effort 732 pages long that analysed how between 1780 and 1820 a new kind of natural science, geology, was created. 7 It was based on the idea that the Earth had a history and that it did not instantiate the timeless order of nature. Crucially, the new science of geology postulated that on the Earth there had been a distant or 'deep' past that was reliably knowable, despite the colossal difficulties that this pre-human past was unrecorded in texts and was not directly observable, and that its relics were rarely and incompletely preserved. Rudwick showed that by about 1820 Cuvier's aspiration of bursting the limits of time had been fulfilled; hence the epigraph and title of his book.
One of Rudwick's strengths has been his ability to draw on his own experience and expertise as a distinguished palaeontologist before he transformed himself into a historian of science. His own experience of research has given him a sensitive feel for both the empirical work and style of discourse of past geologists. His research dealt with brachiopods, which are bivalve shellfish that are abundant as fossils but rare now. Inspired by E. S. Russell's Form and function, Rudwick chose to avoid taxonomy: instead he tried to reconstruct the modes of life of extinct brachiopods by studying their preserved structures and the living forms. This interest in functional morphology led him to turn to Cuvier, who had faced the same problem with respect to fossil mammals. 8 Thus began Rudwick's sustained concern with Cuvier, first as a palaeontological resource and then as a key historical actor. In both The meaning of fossils and BLT, separated by 33 years, Cuvier is the pivotal figure; in WBA he is a leading one. Rudwick's palaeontology has had other important consequences for his approaches as a historian, as is made manifest without apology in both BLT and its sequel WBA. He is notorious for his disdain of the Anglocentric and Anglophonic neglect of continental geologists and languages; for his belief that the creation and content of elite science should continue to be prime concerns of historians; and for his insistence that visual imagery should not be downgraded by being viewed as mere decoration of verbal exposition. So in WBA he gives continental workers their due. We hear about such well-known figures as Cuvier, who provided an inspiring model for geohistory, and Agassiz, famous for his view that in the recent history of the Earth there had occurred a totally unexpected period that he called the ice age. We also learn about underestimated or forgotten savants. Rudwick's discussion of glacialists includes not just Agassiz but also other Swiss (Studer, Charpentier and Venetz), a couple of Scandinavians (Esmark and Sefström) and three French (Collomb, Renoir and Hogard) who made telling contributions about the Vosges. Rudwick alerts us to early research on human antiquity by Christol, Tournal and Schmerling and on fossil primates by Lartet. The work of Croizet and Jobert on faunas and volcanoes in the Auvergne is well covered. So, too, is the announcement by Gressly in the late 1830s of the important concept of facies, namely that it was possible for a rock formation to show different facies (faces) in different areas because of the different physical and environmental conditions that existed at the time of its deposition. When generalized, Gressly's notion of facies enabled geologists to understand that contrasting formations and their fossils in different areas could nevertheless have been deposited at the same time. Thus Rudwick by no means ignores the continentals; however, in comparison with those featured in BLT, more of the pivotal figures in WBA are British: witness the attention given to Conybeare, Buckland, Mantell, Scrope, De La Beche, Phillips, Murchison, Sedgwick, Darwin and Whewell, and, above all, to Lyell, who is to WBA what Cuvier was to BLT. Characteristically alert to present-day historiographic concerns, Rudwick gives due prominence to British women, not only as tamed or supportive wives (Mary Lyell and Mary Buckland) but also as discoverers (Mary Anning) or observers (Maria Graham).
As in BLT, Rudwick focuses in WBA on the generation of scientific knowledge by those who, he believes, shaped it most effectively; that is, prominent savants with international reputations, known colloquially as the big guns or lions. These savants occupied the top of what Rudwick calls the gradient of ascribed competence. They were in the best position to make global sense of local findings because they were well travelled and well read. Through their exchanges they were the most effective and rigorous testers of claims to new and reliable geological knowledge. So, for Rudwick, elites deserve their histories as much as plebeians. He resembles those historians of the French Revolution who examine the high politics of the king, his queen, and his ministers to redress an excessive and sometimes exclusive concern with rioting Parisian crowds and revolting provincial peasants. WBA is not unexpectedly full of well-chosen illustrations, which carry copious and informative captions. Each of the 165 illustrations confirms that visual thinking and communication were central for Rudwick's actors. It is indeed rewarding to go through WBA studying only the illustrations and their captions: together they instantiate much of the argument of the book.
WBA is possibly indebted to Rudwick's career as a palaeontologist in two more ways. First, interpretation in palaeontological research is constrained by the incompleteness of the geological record and by the kinds of evidence that happen to have been found at particular Essay Review times and places. So in WBA we find acute sensitivity to the availability of evidence and to the specificities of time and place. This emphasis on particular historical circumstances is reflected in the structure of the book, a narrative that is arranged in four parts in roughly chronological order, with eight to ten chapters in each part. Each chapter is devoted to a theme as revealed in a limited number of years, unusually five to eight; but in part three, on Lyell, no chapter covers more than two years, and three chapters cover just one year. This sort of narrative framework enables Rudwick to convey a strong sense of problem situations and problem solving, which in turn allows him to avoid the old disembodied 'history of ideas' approach.
Second, in WBA as in BLT, Rudwick stresses the difference between history and an appreciation of temporality, thus challenging the common assumption that the latter is an integral part of the former. By history of the Earth or geohistory, Rudwick does not mean an awareness of time or of a long timescale: he means the use of surviving relics to infer that in the past there had been a sequence of contingent, unique, and unrepeated events and distinctive periods, both of which were undeducible and unpredictable from general principles. This definition resembles a major aspect of palaeontology that had become commonplace by about 1840, namely the distinguishing of geological strata, systems and periods, based on their characteristic ensembles of preserved and fossilized forms of life. Rudwick's stringent notion of geohistory enables him to stress that it was different from geotheory; this was, he asserts, a high-level and comprehensive hypothesis or model of the workings of the Earth that used natural causes to explain its major features, past and present, and to predict its future. Thus geotheory had a temporal dimension but was not intrinsically historical. In BLT Rudwick argued that famous Enlightenment savants such as Buffon, Hutton and the early de Luc, the coiner of the term géologie, were geotheorists and not geohistorians. In WBA Rudwick claims that Lyell's devotion to a steady-state theory of the Earth shows that in the late 1820s his chief ambition was to rehabilitate the genre of geotheory, which by then was somewhat despised as a priori system-building.
WBA is best read as a sequel to BLT but it may be profitably perused as a self-contained account. Its main theme is the character of the geohistorical knowledge that was constructed in Europe in just two decades, the 1820s and 1830s. By about 1840, geologists had reconstructed systematically a consistent and detailed account of the course of geohistory and had produced plausible causal explanations for some of its chief features. The speed of intellectual advance was remarkably fast. For example, in just six years four new divisions of strata and geological time were proposed: the Cambrian (1835), the Silurian (1835), the Devonian (1839) and the Permian (1841). In 1841 Phillips divided the Earth's history into three great epochs, the Palaeozoic, the Mesozoic and the Cainozoic, terms that are still used with little change of meaning. By that time it was widely realized that there had been many worlds before Adam, each of which was knowable from its characteristic population of living forms.
Like an experienced orchestral conductor, Rudwick quickly establishes at the beginning of WBA the character of his performance and brings it to a brilliant climax. His first major theme is the contribution of Conybeare, who is still unjustly neglected partly because he was neither a showman nor a self-publicist like his friend and fellow Anglican clergyman Buckland. Conybeare is revealed as a key figure through his authorship, with William Phillips, of Outlines of the geology of England and Wales, a geological Bible for many for two generations, and his research on the plesiosaurus, a fossil marine reptile, which he discovered and named. 9 It is not fanciful to regard Conybeare qua palaeontologist as the English Cuvier, a sobriquet often given to Richard Owen. The culmination of WBA is a penetrating account of a solution to the problem of erratic blocks. Such large pebbles or boulders had clearly been moved from their source, sometimes over considerable distances and obstacles and even upwards. Agassiz explained these spectacular phenomena, which had puzzled savants for several decades, by invoking a geologically recent period of intense cold, the ice age, during which much of the Northern Hemisphere was covered with stationary ice. Subsequently, when the climate became less cold, ice sheets and glaciers were formed and acted as agents of transport. Although the acceptance of Agassiz's postulates was neither immediate nor total, his notion of a totally unexpected, unique and drastic ice age in the recent past was unignorable: it forced geologists to recognize the contingent character of geohistory as a whole and to question those geotheories that postulated that in the past the Earth had either existed in a steady state or been subject to some form of directionalism. The leading figure in WBA is undoubtedly Lyell. Nine expansive chapters give a detailed analysis of the genesis of his ideas as well as of his ambitious Principles of geology in which he tried 'to explain the former changes of the Earth's surface, by reference to causes now in operation'.
10 Some readers will think that Rudwick is indulgent to Lyell because in WBA there is no full discussion of the slow gestation of a key work by anyone else. Others will be surprised that Rudwick, who has previously demythologized Lyell's heroic status in the traditional history of geology, gives him such prominence in WBA. He has done so because Lyell's Principles not only revived but also transformed the genre of geotheory. In the final part of the third climactic volume, Lyell gave his reconstruction of the successive Tertiary periods ( Eocene, Miocene, Older Pliocene and Newer Pliocene), presenting it as the most reliable sample of what could be done with the whole of geohistory. He tried to explain how a lot of this geohistory could be explained causally by applying his actualistic mode of argument more thoroughly than ever before. By integrating history and causation, he left an enduring legacy to Earth scientists, despite his singularity and despite his failure to produce more than one out-and-out Lyellian in the form of Darwin. It is the emphases on geohistory and its relation to geotheory that distinguish the chapters on Lyell in WBA from Rudwick's previous and voluminous articles about Lyell, in which the focus was on other aspects of Lyell such as his uniformitarianism. WBA also differs in literary style from these articles, most of which appeared in specialist journals and books. In WBA the exposition is directed at a mixed audience of historians in general, historians of science in particular, and Earth scientists. Rudwick also bears in mind willing general readers, those elusive-and perhaps illusive-persons for whom he has thoughtfully provided a concluding section of every chapter and in the footnotes explanations of unfamiliar terms.
As in BLT Rudwick denounces as a myth the thesis that there has been a perennial or intrinsic conflict between religion and science and between Genesis, with its stories about the creation and the flood, and geology. His view is that the ways in which religion and science have interacted have varied contingently, according to time, place and social location. He argues that in the 1820s and 1830s these ways were mainly peaceful so that when conflict occurred it was marginal, occasional, and local. But Rudwick goes further than refuting what is often called the conflict thesis. He emphasizes that Lyell, the leading figure in WBA, was not an anti-Christian secularist but a believer in a providentialist natural theology. Several important British savants in Rudwick's story, such as Buckland, Conybeare, Sedgwick and Whewell, were ministers in the Church of England. North of the border, Playfair and Fleming were clerics in the Church of Scotland. Other significant actors, such as Phillips and Agassiz, were convinced and not merely conventional Christians. It is not surprising to
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Rudwick that Christians, and not deists, made geology into a historical science. They shared, he claims, the Judaeo-Christian sense of the contingency of the world's history, both human and non-human, namely that the course of past events could have been different. Thus the creation of geohistory was fostered, not by deists, such as Buffon and Hutton, who have for so long been seen as major founders of geology, but by the Judaeo-Christian understanding of the contingency of human history under divine sovereignty.
Although Rudwick calls the intellectual changes described in BLT and WBA the Cuviero-Lyellian revolution, perhaps the unexpected hero of the latter is not Lyell but his mentor Buckland. The jacket illustration and the frontispiece of WBA reproduce the famous caricature of Buckland crawling into Kirkdale Cave in Yorkshire in 1821 and finding extinct antediluvian hyenas feasting in their den on the bones of mammals. So at the start of WBA Buckland is literally portrayed as a pioneering palaeoecologist. At its end we learn that in 1840 Buckland used his position as President of the Geological Society to take the lead in promoting the theory, derived from Agassiz, that there had been in recent geological time extensive glaciers and ice sheets in Scotland and northern England. Elsewhere Buckland is significant in various ways, especially as a defender of deluge theory, which invoked one or more violent aqueous events, as the least inadequate explanation of some very puzzling phenomena. Certainly, Buckland was neither obsessed with a desperate search for traces of Noah's flood nor was his diluvial geology a servile adjustment to his Oxford environment.
The subtitle of WBA alludes to the age of reform, which suggests that the intellectual changes in the geohistory pursued in the 1820s and 1830s were more than incidentally related to political, social and economic ones. But Rudwick makes no such claim. The notions of an age of reform or of reform itself are not used pervasively as explanatory or causal categories. Reform is not an organizing theme in WBA as it is in two old but still valuable works, Woodward's Age of reform, which covered 1815-70, and Halévy's Triumph of reform, which focused on 1830-41. 11 The term 'age of reform' is used by Rudwick as no more than a convenient chronological label. This restricted notion is consonant with the main focus of WBA. Although Rudwick is not hostile in principle to discussing geology as an activity that embraced many elements, he has chosen to concentrate on the huge and daunting theme of how an international elite generated a reliable new kind of cognition concerning the Earth's history. Hence his narrative says little about lowly provincials, economic geology, popularization, and the so-called scriptural geologists. Two of these themes have, however, been fruitfully explored recently by O'Connor.
In a penetrating article about the scriptural geologists, who have often been derided as stupid and obdurate, O'Connor has shown that they were not just protesters, united by dogmatic Biblical literalism and futile opposition to old-Earth theories. 12 On the contrary, from the 1820s they were effective popularizers of geology as they variously construed it; and, although they disagreed about particular geological questions, overall they presented an alternative view of Earth history at a time when it was not a foregone conclusion that the Earth was very old. They felt that, whatever Rudwick's savants might assert, the Bible remained a vital touchstone for speculation about the natural world. In the 1830s these youngEarth writers rejected the expertise and authority of the old-Earth geologists who controlled the Geological Society of London and section C (geology) of the British Association for the Advancement of Science, founded in 1831. It is significant that when two scriptural geologists, Young and Cockburn, tried to formulate their views at the Association's meetings, they were made unwelcome even though in their own localities they had supported the pursuit of science. O'Connor also shows that 'Biblical literalism' has been too often used as an abusive blanket term that confuses a particular approach to scripture with the doctrines of Biblical authority, divine inspiration, infallibility and inerrancy.
In his welcome book, The earth on show, O'Connor analyses the ways in which the findings of the new science of geology were first made accessible and fascinating to the reading public in Britain. 13 His chief focus is the projection into the public domain of the view, formulated initially as arcane knowledge by esoteric savants, that the Earth has had a long and colourful history. For O'Connor the term 'literature' is used inclusively to denote any written text, so he rejects the dichotomy of 'science and literature'; instead he treats scientific and geological publications as literature and as performances, combining texts and illustrations, which he subjects to literary and visual exegesis. His scope is wide: he covers new genres created from the 1830s by skilful writers such as Thomas Hawkins, John Martin and Hugh Miller; but he does not neglect those such as Buckland, Lyell and Mantell, who helped to create and consolidate the story of an old Earth and are key figures in WBA. Indeed, O'Connor argues strongly that the literary techniques of Lyell and Mantell, whom he regards as men of letters, were mightier than their geological hammers. Like Rudwick, O'Connor judges Buckland to be crucially important but from a different perspective. Whereas Rudwick stresses Buckland's intellectual contributions as a palaeontologist, palaeoecologist, diluvialist and glacialist, O'Connor puts more emphasis on Buckland as a geological communicator and showman who was happy to use buffoonery as part of his performances. Thus O'Connor complements Rudwick when they are discussing the same authors, precisely because their foci and approaches are different.
Rudwick avers in both BLT and WBA that he is not offering a history of European geology and modestly says that he has merely selected topics that were innovatory or exemplary in the context of geohistory. Yet, like its predecessor, WBA will be used as a standard work about one of the most creative periods in the history of geology in Europe. Many of the focal problems of the 1820s and 1830s are discussed, and the cast of actors is large and pan-European. The structure of WBA, revealed in detail by the contents, is clear. The book is based on different types of source: features seen in the field, specimens inspected in museums, pertinent manuscripts, and printed works in several languages (the list of which runs to 33 pages). The illustrations are exceptionally telling, and the footnotes always informative and occasionally curmudgeonly. Rudwick's style is exemplary. Despite the daunting size of WBA, the writing is always lucid, attractive and flowing, without any trace of condescension. WBA is a magisterial work that, like its predecessor, is an extraordinary tour de force. Moreover it was composed and completed by a septuagenarian. Many historians who survive into their seventies are declining, drooping and sadly incapable of producing a divertimento, never mind a symphony or an opera. Rudwick is a happy exception. Like Verdi he has worked assiduously and productively for several decades; like Verdi he has improved steadily over almost half a century; and like Verdi he has produced a masterpiece in his seventies. WBA is indeed Rudwick's Otello. As Murchison was wont to say, verbum sat! Essay Review 405
